This paper is a comprehensive investigation of calendar anomalies in the Ukrainian stock market. It employs various statistical techniques (average analysis, Student's t-test, ANOVA, the Kruskal-Wallis test, and regression analysis with dummy variables) and a trading simulation approach to test for the presence of the following anomalies: day-of-theweek effect; turn-of-the-month effect; turn-of-the-year effect; month-of-the-year effect; January effect; holiday effect; Halloween effect. The results suggest that in general calendar anomalies are not present in the Ukrainian stock market, but there are a few exceptions, i.e. the turn-of-the-year and Halloween effect for the PFTS index, and the month-of-theyear effect for UX futures. However, the trading simulation analysis shows that only trading strategies based on the turn-of-the-year effect for the PFTS index and the month-of-the-year effect for the UX futures can generate exploitable profit opportunities that can be interpreted as evidence against market efficiency.
Introduction
Stock markets often exhibit a variety of so-called calendar anomalies, including the day-of-the-week effect, the turn-of-the-month effect, the month-ofthe-year effect, the January effect, the Holiday effect, the Halloween effect etc. These have been extensively analyzed in numerous empirical studies providing mixed evidence. However, to date no comprehensive study has been carried out for Ukraine. The present paper aims to fill this gap by using various statistical techniques (average analysis, parametric tests such as Student's t-test and ANOVA analysis, non-parametric techniques such as the Kruskal-Wallis test, regression analysis with dummy variables) to test for the presence of calendar anomalies in the Ukrainian stock market. To establish whether such effects are not just statistical anomalies, but can be exploited by adopting appropriate trading strategies, we employ a trading simulation approach. To reduce the possibility of datamining three different indices (UX Index, PFTS Index, Futures for the UX Index) are used.
The layout of the paper is as follows. Section 1 briefly reviews the most common calendar anomalies and the available evidence. Section 2 describes the data and outlines the empirical methodology. Section 3 presents the empirical results. Final section offers some concluding remarks.
Calendar anomalies
The most frequently observed calendar anomalies and the evidence for them are discussed below.
The day-of-the-week effect (the weekend effect, the Monday effect) implies that the distribution of stock returns is different for different days of the week. For example Cross (1973) analyzed the Standard & Poor's Composite Stock Index data from January 1953 to December 1970 and claimed to have found some patterns in the behavior of US asset prices, namely an increase on Fridays and a decrease on Mondays.
The turn-of-the-month effect was reported, among others, by Ariel (1987) , who found that returns on the last and the first four trading days are higher than on other days of the month. Different event windows have been used in the literature. The most common nowadays is (-1;+3); for example, Lakonishok and Smidt (1988) analyzed US stocks over a period of 90 years and found that cumulative returns in the four days between the last trading day of the month and the following three trading days exceeded returns over the entire month.
The turn-of-the-year effect amounts to stock returns in the last week of December and the first two weeks of January being higher than returns at other times of the year. For instance, Clark and Ziemba (1987) found that on the last trading days in December and on the first eight trading days in January stock returns are higher (see also the seminal study by Rozeff and Kinney, 1976 ).
The month-of-the-year effect and the January effect are found, when returns vary depending on the month of the year, with January exhibiting higher returns, as reported, for instance, by Wachtel (1942) for the Dow Jones Industrial Average over the time period 1927-1942. Rozeff and Kinney (1976) also provided similar evidence. The so-called Mark Twain Effect is observed when stock returns are lower in October than in other months.
The holiday effect implies that pre-holiday average returns are higher than post-holiday returns. For example, Ariel (1990) showed that they are on average eight times higher than the (usually negative) post-holiday returns; Lakonishok and Smidt (1988) , analyzing ninety years of data on the Dow Jones Industrial Average index, calculated that the preholiday rate of return is 23 times larger than the normal daily rate of return.
The Halloween effect is characterized by the period from November to April inclusive having significantly stronger average growth than the other months. It is based on the investment strategy "Sell in May and go away", following which stocks are sold at the start of May and bought again in the autumn. Jacobsen and Bouman (2002) showed that such a strategy can generate abnormal returns.
It is noteworthy that calendar anomalies might be fading. For example Fortune (1998 Fortune ( , 1999 , Schwert (2003) , and Olson et al. (2010) argue that the weekend effect has become less important over the years. More details on previous studies are provided in Appendix A.
The few papers on calendar anomalies in the Ukrainian stock market include Hourvouliades and Kourkoumelis (2009), Depenchuk et al. (2010) and Caporale et al. (2016a, b) , but these only focus on some specific anomalies (e.g., the weekend effect). The present one is the first comprehensive study of calendar anomalies in Ukraine.
Data and methodology
We use daily and monthly data on the UX, PFTS and UX futures indices. Average analysis provides preliminary evidence on whether there are differences between returns in "normal" and "abnormal" periods. Both parametric and non-parametric tests are carried out given the evidence of fat tails and kurtosis in stock returns. The Null Hypothesis (H0) in each case is that the data belong to the same population, a rejection of the null suggesting the presence of an anomaly.
We use two variants of the Student's t, ANOVA and Kruskal-Wallis tests:
overall testing -when all data are analyzed together; separate testing -when we compare data from the period that might be characterized by an anomaly with those from other periods.
We also run multiple regressions including a dummy variable to identify given calendar anomalies:
... ,
where Y t -return on the period t; a n -mean return for a specific data group (for example Mondays, Tuesdays etc. in the case of the day of the week anomaly); D nt -a dummy variable for a specific data group, equal to 1, when the data belong to a specific group (for example, data for a specific day of the week such as Monday in the case of the day of the week anomaly), and equal to 0, when they do not; t -random error term for period t.
The size, sign and statistical significance of the dummy coefficients provide information about possible anomalies.
When calendar anomalies are detected using the previous methods we examine whether these give rise to exploitable profit opportunities by means of a trading simulation approach. Specifically, we use an algorithm based on the detected anomaly to replicate the behavior of a trader who opens positions on the Ukrainian stock market and holds them for a certain period of time (according to the developed algorithm).
We use the following procedure to simulate the trading process. First we compute the percentage result of the deal:
where P open -opening price; P close -closing price.
Then this difference is converted into Ukrainian hryvnas (UAH).
where UAHresult -is result of the deal in UAH;
1000 is the sum of the trading deposit.
The sum of results from each deal in UAH is the total financial result of trading. A strategy resulting in a number of profitable trades > 50% and positive total profits is defined as indicating an exploitable market anomaly.
To make sure that the results we obtain are statistically different from the random trading ones we carry out t-tests. We chose this approach instead of carrying out z-tests, because the sample size is less than 100. A t-test compares the means from two samples to see, whether they come from the same population. In our case the first is the average profit/loss factor of one trade applying the trading strategy, and the second is equal to zero because random trading (without transaction costs) should generate zero profit.
The null hypothesis (H0) is that the mean is the same in both samples, and the alternative (H1) that it is not. The computed values of the t-test are compared with the critical one at the 5% significance level. Failure to reject H0 implies that there are no advantages from exploiting the trading strategy being considered, whilst a rejection suggests that the adopted strategy can generate abnormal profits.
Empirical results
Example of the complete set of results can be found in Appendix B (the case of day-of-the-week effect).
As can be seen (Figures B1, B2 and B3) there are no clear signs of this anomaly in the dynamics of the PFTS, UX and UX futures indices, as suggested by all statistical tests as well as the regression analysis. Similar analysis is provided for the rest of the analyzed anomalies. Visual inspection for the turn-of the-month effect suggests possible anomalies in the dynamics of the PFTS and UX but not of the UX futures index. However, this is only implied by the regression analysis, not by the other statistical tests. Although the PFTS index at the turn of the month is four times higher than on other days, this difference is not statistically significant.
The empirical results for the turn-of-the-year effect provide visual evidence supporting the presence of this effect in the Ukrainian stock market, but this is confirmed only by the statistical tests for the PFTS index. As for the month-of-the-year effect visual inspection does not suggest any anomalies, whilst the statistical tests provide some evidence for them in the case of the UX futures index: returns appear to be higher in February and lower in July-August in comparison to other months of the year. There is no evidence either of the month-of-the-year effect, or of the Holiday effect: although visual inspection suggests that pre-holidays returns are higher than normal and post-holiday ones (for both the PFTS and UX indices), these findings are not confirmed by either the statistical tests or the regression analysis.
Finally, concerning the Halloween effect, average analysis provides evidence in favor of the rule "sell in May and go away" since returns during the period November-April are much higher than in MayOctober (almost 7 times), but the statistical tests and the regression analysis show that this difference is significant only in the case of the PFST index. As can be seen, the only detected anomalies are the turn-of-the-year and the Halloween effect for the PFTS index, and the month-of-the-year effect for the UX futures index.
Next we use a trading simulation approach to answer the question whether these are simply statistical anomalies or instead represent exploitable profit opportunities. We begin with the month-of-the year effect for the UX futures index. First we try to design appropriate trading rules, i.e. in which months long and short positions respectively should be opened. 
As can be seen, in the case of UX futures anomalies are present mainly in February, July and August, therefore the trading strategy will be the following: open long positions in February and July (since returns on UX futures tend to be higher during these months) and short positions in August. All of them should be closed at the end of the period, when they were opened. The trading simulation produces the following results: The t-test results are reported in Table 6 . 
Null hypothesis rejected
As can be seen, H0 is rejected, which implies that the trading simulation results for the month-of-theyear effect (in the case of UX futures) are statistically different from the random ones and therefore this trading strategy is effective and there is an exploitable profit opportunity.
Concerning the turn-of-the-year effect for the PFTS index (stock returns in the last week of December and the first two weeks of January are higher than at other times of the year) the trading strategy will be
the following: open a long position in the last week of December and close it after the first two weeks of January. The trading simulation yields the following results (see Table 7 ). The t-test results are reported in Table 8 . In this case H0 is rejected, which again implies that the trading simulation results are statistically different from the random ones and therefore this trading strategy is also effective and can be exploited to make abnormal profits.
Finally, we focus on the Halloween effect for the PFTS index. This investment strategy can be specified as "Sell in May and go away", i.e. stocks are sold at the beginning of May and bought again in the autumn. But since the regression analysis results indicated that in the case of the Ukrainian stock market only buys in the autumn generate abnormal returns, the trading strategy will be open long positions on the PFTS index in November and close them in May. The trading simulation results are the following (see Table 9 ): The t-test results are reported in Table 10 . 
Conclusions
In this paper we have examined calendar anomalies (day-of-the-week effect; turn-of-the-month effect; turn-of-the-year effect; month-of-the-year effect; January effect; Holiday effect; Halloween effect) in the Ukrainian stock market using different methods (average analysis, parametric tests, including Student's t-test and ANOVA, non-parametric tests such as the KruskalWallis test and regression analysis with dummy variables). Three different indices (PFTS, UX and UX futures) have been considered to avoid data mining.
The results suggest that in general calendar anomalies are not present in the Ukrainian stock market, but there are a few exceptions, i.e. the turn-of-theyear and Halloween effect for the PFTS index, and the month-of-the-year effect for UX futures. However, the trading simulation analysis shows that only trading strategies based on the turn-ofthe-year effect for the PFTS index and the monthof-the-year effect for the UX futures can generate exploitable profit opportunities that can be interpreted as evidence against market efficiency.
Appendix A 2011) day-of-the-week effect, the January effect, the half month effect, the turn-of-themonth effect the time-of-the-month effect There is strong evidence of a persistent monthly pattern (but no January effect) and strong evidence of weekday seasonality (but no Monday effect) in the Russian bond market. There is also strong support for a TOM effect in the Russian and US stock and bond markets. Appendix B. Empirical results for the day-of-the-week effect Regression analysis with dummy variables. Note: * P-values are in parentheses.
